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Lesson 1: Dynamics, Mass, Inertia & Force
Definitions

Dynamics - The study of WHY things move.

Mass - 1) The amount of matter that makes up an object.

2) The measure of the inertia of an object.

e Mass is a scalar quantity
e The symbol for mass will be lower case “m”
e The units for mass are as follows:

MKS = kilogram (kg)
CGS = gram (g)
English = slug (slug) = .+ .

Inertia - An objects tendency to maintain its present state of motion.

Inertia is quantitative, the numerical value is the mass number for
that object.

If an object is a rest, the object’s inertia is a measure of how
much it wants to stay at rest.

If an object is moving with constant velocity, the object’s inertia

is a measure of how much it wants to maintain its current speed
and direction. A mn : ‘ ) ‘ e

(Refer to Newton’s Laws for a more complete explanation)
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Force - a push or a pull- it is the “thing” that causes accelerations.

Note: This is a very abstract concept. We can never really talk
about acceleration without stating the “thing” that caused the
acceleration
For example: The acceleration due to gravity |
The acceleration on the baseball due to the bat
The acceleration of a car due to friction!

e When you exert a push or a pull on an object, you say, you are
exerting a force on that object.

e A force cannot be seen, it is only known by its effects on an
object.

(Refer to Newton’s Laws for a more complete explanation)

15 Effect — Forces cause accelerations

But, what if a car is stuck in the mud and a giant monkey pushes (exerting a
force) and the car doesn’t move (no acceleration). Is he still exerting a force
on the car?

2 nd Effect — Action-Reaction Law of Motion.

When you push on something, it pushes back at you.
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Lesson 1 Problems: Dynamics, Mass, Inertia & Forces
1. Isinertia a force? Explain

F' i J \aTe [ | i
E AT e Y ) ( LhvSien |
¥ { :

physical by of mafte
x s & push or poll on Pat objecd
2. Ifthere is no motion can there be a force? Give an example to support your argument.

3. Identify which of the following are examples of a force

- f

a) the pull of a wagon

b) the push of a hand

c¢) the mass of a nickel is 5.0 grams

4. What is required in order for a force to be present?
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Lesson 2. Newton’s Three Laws of Motion
Newton’s Three Laws of Motion

1*' Law (The law of inertia) — An object will continue in its state of
rest or constant velocity (both magnitude and direction) unless acted
on by a NET force.

e The NET Force is defined as the Sum of all the force vectors
acting on an object. The Greek letter upper case sigma “2”
means “the sum of”.

Therefore, XF will mean NET force.

e [fthe Net Force (XF) equals zero then Acceleration Must also
equal zero! |

e This is a change from Aristotle’s belief that a body’s natural state
is at rest. Newton shows a body’s natural staie is whatever state it
has at present. Sesd X

\\
S Koo i '
{

Question , _
1. Can an object have forces actlng on it'and NOT be accelerating?
Explain your answer.

2. If an object has a zero net force acting on it, does this mean there
are no forces acting on the object? Explain your answer.



2" Law (F =ma) - The acceleration of an object is directly

proportional to the NET force on it, and inversely proportional to its

mass. The direction of the acceleration vector will be in the
F
m

e The second law shows from where the units for force are derived.
(Acceleration) (Mass) = Force

MKS l”’;}(lkg]leewmnle
s

CGS lcgzj(lg ): ldyne

hy

direction of the NET force vector. G=

Engl iSh l.%](lsiug ) = 1paund = llb

e The second law also helps to quantify the idea of inertia.
Example:
A Force equal to +10, % is applied to two different masses. m

=10 kg and m = 100 kg
A comparison of the two object’s acceleration will show which
object has the greater inertia.

a’l:EleoNlemj& azzEFZIONx:O.I
ny IOkg sz iy 100kg ?

Remember, acceleration is inversely proportion to the inertia of
an object. Therefore m, must have 10 times more inertia than mj,
because it has 10 time less acceleration.
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3" Law (Action/Reaction forces) — When one object exerts a force
on a second object, the second object will exert a force on the first object.

The second force will be equal in magnitude but opposite in direction to
the first force.

e Forces always come in pairs. i

e Using the “on” & “by” terms _

Action — The force exerted on % '
the tray by the hand.

Reaction — The force exerted Force on

on the hand by the tray. Hand by

Force on

“Erarvbyv=tn ol
JI"IJ}TU}I r‘-:

A 4

'T'mu\l

Note: the action reaction forces do NOT act on the same object, and therefore can

never cancel eﬂlc?l\f)ther
or ma

ACTION — REACTION PAIRS

w = weight force, force exerted on the block by the earth.
= force on the earth by the block.

N =surface force, force on the block by the table
N' = force on the table by the block

: \** Common Misconception — the weight and the force normal are an
- action/reaction pair. NOT TRUE!!! They are often equal in magnitude and
opposite in direction, but they are not an action/reaction pair.

: f{




Ball infree fall

\J Reaction to the

Force of gravity|

EARTH

e According to Newton’s 3™ Law, when any
object falls to the earth there is a force
exerted by the object on the earth,

o Therefore, the earth should accelerate just as
the ball does.

e [T DOES!! However, the accelerations
are inversely proportional to the masses.

- - f"’
2T = i1
mearthacarth = M aban
-t ” e - o if

According to legend, a talking horse (we will call him Wilber) learned Newton’s laws. When he was
told to pull the carriage, he refused; saying that when he pulls on the carriage forward, Newton’s 3™
law states the carriage will pull on him with an equal force in the opposite direction. Therefore, the
forces would be balanced, and there would be no NET force. Wilber then goes on to say that since
there is no NET force Newton’s 1% and 2" laws state there can be no acceleration. How would you
reason with this rather weird horse?

1/«
f&""f,‘
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Lesson 2 Problems: Newton’s Three Laws of Motion Problems
1. A net force of 255 N accelerates a bike and rider at 2.20 m/s%>. What is the mass of the bike and

rider? v ¥ - 95 5 N Z‘Y " = mck
-0aM A5 =m(ad)
=2 [m=1159Kg-

2. How much force is required to accelerate a 9.0-g object at 10 000\!‘g’ ” (say, in centrifuge)?

M= 009K zF = mo.
o= tc_,ooﬁca:s)""/bﬂ . =,004( (10,000 a‘)
¥ =72 o - *5'&!:;!\\

3. How much tension must a rope withstand if it is used to accelerate a 1050-kg car horizontally at

1.20 m/s2? Ignore ‘frictiog. E ;E = MG
e "pl'/s m/ e
m h-ﬁf% = |050Kg (I.Zl /s’*)
= 127
i¥=7

4. What is the weight of a 66-kg astronaut (a) on Earth, (b) on the Moon (g=1.7 m/s?), (c) on Mars (g=
3.7 m/s?), (d) in outer space traveling with constant velocity?

Wagpt > Fo=m
a-T -u»(m {GHeN] . 66(3 MEIREL

M po(1) - [T an| d 66(0) @

5. A 20.0-kg box rests on a table. (a) What is the weight of the box and the normal force acting on it?
(b) A 10.0-kg box is placed on top of the 20.0-kg box, as shown
in Fig. 4-35. Determine the normal force that the table exerts on
the 20.0-kg box and the normal force that the 20.0-kg box exerts
on the 10.0-kg box.

a. ¥, = ma 20(4:3) ’=W‘E(sf\‘a Down
\ - ' ()
5S¢ “Table Pcskea Lp 196N,

FIGURE 4-386

7 .“- + Yin ‘S‘»“ ,-%
b, Toble holds Them both vp SO e
neght of hoth: '% ’)D((u:i) '“\SH"“*J P -
\

MOSY i;?,(i/u al

/H"i Q'(\K"\ \\ﬂ&ﬂ‘ VP \)\l:* ”’h’k IC kt\ ‘
d

o BAR)= 13N
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6. What average force is needed to accelerate a 7.00-gram pellet from rest to 175 m/s over a distance
0f 0.700 m along the barrel of a rifle? (Remember kinematics) ‘

N, =O"/s Vet=y % 4 Qoo
,\f% 2 ‘}5 W\ é E,FJ'J_ 2 DTL \ Qc-(?\)
Box = b 0% Q) BIEMR
o ="
r-?

Lesson 3: Concept Questions — Newton’s Three Laws of Motion
1. Why does a child in a wagon seem to fall backward when you give the wagon a sharp pull?

He o inectio. <o he wonts T S'h-\,y- Whece he 15

\‘)d’“‘f the Waaon Moyes ‘G‘n’ WAl C{z-

2. Why do you push har?er on the pedals of a bicycle when first starting out than when moving with a
constant speed?

\.iOU- f\e‘@b\ -—}b C%)&\H O ng‘\’ ‘E”L)\-’ ’h) Cﬁ"xﬁ';ifj- F-'\CL",B,H.-‘{,Fn?C}'\'o.“-.

3. Only one force acts on an object. Can the objeét have zero acceleration? Can it have zero velocity?
No. f there i only ore force, qou hove @ €F So There must
b& O Occelecotien. '_

Y X ' : > 2. Q2M.2 D= a1 a4 AYTOML
5\15, Rn Object Fheon o7 0T R Bt At 'kﬁ-", V=0 / S
4. The force of gravity on a 2 kg rock is twice as great as that on a 1 kg rock. Why then doesn’t the

heavier rock fall faster? > } ) F i Mo . & <<
. s i i e T i~ A =
ﬁ“:, mt'u.él~{.(¢“~.."r\k-«'. 15 M- OME, AN et er

5. A person exerts an upward force of 40 N to hold a bag of groceries. Describe the “reaction” force
(Newton’s third law) by stating (a) its magnitude, (b) its direction, (c) on what body it is exerted,
and (d) by what body it is exerted.

o Uon b Down ., onthepesen  d by The k‘“\j

6. When you stand still on the ground, how large a force does the ground exert on you? Why doesn’t
this force make you rise up into the air?

/r \\‘E‘ {)(f\'Lg (\s \“,IG D 'v\} i? \ ( ;\'+l
O\ roN -.,"3?7 pm s Lf K on ,’au ;

Moaco Vo one f 5 ﬁb ¢¢, So P LC t?.‘ eA ation |
> ]“‘" l'.: f' “,J‘ sl - i L%
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Lesson 3:  The four fundamental forces
THE FOUR FUNDAMENTAL FORCES

e Scientists have worked very hard to find a commonality between all forces in the
universe. They are trying to prove that all forces are components or properties of
a single Grand Unifying Force. So far the scientists have unsuccessful.

e Instead of one force, they have grouped all forces into four categories.

Important note: All of these forces act at a distance. (No contact at the microscopic
level)

1) Gravitational Forces
e Attractive forces that exists between all objects.
e Caused by the interaction between the objects gravitational fields
e Infinite Range, weakest force, Relative force = 10*

2) Electromagnetic Forces
e Force that exists between all charged particles or particles that demonstrate
magnetic properties.
(Protons, electrons, molecular bonding)
e Force that holds all matter together
e Infinite Range, Relative strength = 102

3) Strong Nuclear Force
e The force that holds the nucleus of the atom together.
e Overcomes the natural electromagnetic repulsion of protons
e Range <to the diameter of an atom, Strongest force, Relative strength = 1

4y Weak Nuclear Force
e Force that causes the radioactive decay of some nuclei
e Modern Theory has linked the weak nuclear force with the electromagnetic force
with a theory known as electroweak theory
e Range < the diameter of an atom, Relative strength = 10

Theories such as the electroweak theory have recently lead to attempts to complete a
Grand Unification Theory; a theory that would tie all the fundamental forces together,
as well as revolutionize the study of physics.
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Lesson 4: Common Forces
Force due to Gravity (A.K.A. “weight force™)
Fg =(m)(ag) = (m)(g)

Where F g = weight, m = mass and g = acceleration due to gravity — 9-83 Y

§

F, =(1.00,,)(-9.80..) =—9.80,,

Therefore, the weight of 1 kg on the earth is 9.8 Newtons,
F,=(1.00,,)(-1.67,)=-1.67,

But only 1.67 Newtons on the moon, where “g” is less.

e Force due to gravity always acts straight down, even if the mass is on an incline.

mg

Tension Forces - force of strings, ropes, cables
e Tension forces pull, never push
e Tension forces always act along the string

e Tension force is a reactive force
(something must pull on the rope to have tension in the rope)

/ Ty = pull the box up

Tx = pulls the box along surface

((((((((((((((((((((((((((((((((((((
B L L A S AL S L P ]
B e L L A S AL L P sl

/////////////////////////////////////////////////////////////////
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The Normal Force = surface force of a table, the ground, etc. straight up
(90°) from the surface.

A Fu

Fn
[

B e A m g
e e e o S R AR
o A e s S N R R

mg

e The Force Normal, Fy, is reactive, not pro-active

o Fy always acts perpendicular to the surface, even if the mass is on an incline.

e [y is not always equal to the weight force (mg) — it may be increased or reduced
by an third force acting in the vertical plane

Friction — Surface force that acts parallel to the surface and resists the
tendency for sliding.

4 e The Friction force is a reactive force, not
pro-active
Fpurb —p
AR e o T\\l— R AR AR . Only present lfFPUSh IS present
mg o k= L Fn

What is u ?
e Greek Letter “mu”; represents the coefficient of friction
e Numerically the coefficient of friction is a ratio between two forces
e Unit-less number that characterizes friction between two surfaces
o Every two surfaces in contact have their own value for p
e Typesofp
0 Ws= coefficient of static friction
o g = coefficient of kinetic friction
Experimentally it can be found:

1) ps> b
2) Ws and i are independent of the surface area in contact

Question: The value for p is found experimentally. What type of an experiment could
you do to calculate pn?
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Example: Constant Force Problem (Sum the Forces Problem)
A 10 kg object is subjected to the two forces F; and F,, as shown below.

a.) Find the acceleration of the object
b.) Ifthe object is at rest at t = 0 how fast is it moving after 3s.?
¢.) Find the third force F; needed so that the object is in static equilibrium.

;. 2F,7 593N = 10k (00 2o = 2.599">

TFi=20N
TV = BN= 10k (0 N g S
i J‘\“ l!"’ i’(,l ,\yj 4 4-,7 ] b

6 - &sl'\ ( Asr‘zfy ‘b 86' 101(\“;9-7? A0 1S90
b. V;’Om/s \J_E' ¥ VLW\L’ | ) z )
(43 = Q C‘ﬂsr‘y;l = O% 'l&“}b(?’\ C ‘} g .. ’a[)“qg[\};\’\ "gﬁjq—‘\

‘L 3 5eC i\ﬁ V - 7 ('1 : 15\4[(’ - —

J e

Example: Normal Force Problem

A 10 kg box of chocolates is resting on a smooth (frictionless) horizontal surface of a

table.

a.) Determine the weight of the box and the normal force acting on it.

b.) Now you push down on the box with a force of 40 N. Again determine the box’s
weight and the normal force acting on it.

c.) If you pull upward with a force of 40 N, what is the box’s weight and the normal
force on it?
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Example: Tension Problem

One paint bucket weighting 40 N is hanging from a massless cord from another bucket
also weighing 40 N. The two are being pulled upward with an acceleration of 1.5 m/s?
by a massless cord attached to the upper bucket. Calculate the tension in each cord.

T(s? Rockel:
55,y By

A

a=1.5m/s?

%’Q oM\ b\‘ QY‘-\PJT €

A RS ;(g = mon

r -mo, = Mo~

Ty (lj |
b= 4 03(19)-40363)
. )

Bex. To Top Rueket
I ~Y0-HoI33 - 403015
T | |
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Example: Person pulling on the rope Tension Problem

A 75 kg person is accelerating at a rate of 0.5 m/s*> upward while climbing a rope
attached to the ceiling.

a.) Draw a force diagram of the rope showing all of the forces acting on ropes

b.) Draw a force diagram of the person showing all of the forces acting on the person
¢.) What force is pulling the person upward?

d.) Calculate the tension force in the rope.

3 b % to. .0

& -

) UL i‘) (I.)!,\‘ ﬁ'}‘ 34“‘"‘
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Lesson 4 Problems: Common Forces

Problems
1. How much tension must a rope withstand if it is used to accelerate a 1200-kg car vertically upward
at 0.80 m/s?? Ignore friction.

g“i ‘Z? ) {1 & = M- |

.

b Mo i

~ I = 1200(.®) +1200(4%\ ~|f- = 12:320N

rq ® T VT

2. A 10-kg bucket is lowered by a rope in which there is 63 N of tension. What is the acceleration of
the bucket? Is it up or down? ‘

\‘11 I 5‘\‘*}1 ‘ZF “ Et Y(}S = Mo~
63-9%= 100

&

= QN
\&g - ﬂn(} n\u-
3 d

3. An elevator (mass 4850 kg) is to be designed so that the maximum acceleration is 0.0600 g. What
are the maximum and minimum forces the motor should exert on the supporting cable? I

<. &= .06(49) = 588"k

MAc- TENSION When (.a.ccdaew-.%f\% Uf'u,,rob |

2F =

44

~§q = Mo

| \ Af f.: P ‘\~ |
£ = 4260(598) + H850UT)
; \

fe = 90,3313 N ‘
; " i - - L ~ |
Min - WheN L\LLdlwf cochng AiD "Y‘L)(NPJ‘ ({/ . \})
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4. A person stands on a bathroom scale in a motionless elevator. When the elevator begins to move,
the scale briefly reads only 0.75 of the person’s regular weight. Calculate the acceleration of the
elevator, and find the direction of acceleration.

Qefnt 9P 2% = h- by = mo-

b6 PO poneN s
fac @é\%\«*\ 35 ‘:‘3 ¥8 Mo-

=040
——7 = |
2 Oh > \'C,‘_’ "3‘1 SM/SJ“Q

;(fl:)'x‘u m(&

o d
i

ki

5. A box weighing 70 N rests on a table. A rope tied to the box runs
vertically upward over a pulley and a weight is hung from the other
end (Figure 4-37). Determine the force that the table exerts on the
box if the weight hanging on the other side of the pulley weighs (a)
30 N (b) 60 N, and (c) 90 N.

C : ~ s
F[ is ‘H’\E.. SoMme Qs ’j@",j ‘Thdf{#ﬁ(& .

\J <

A, L“' { r ¥|J - O D\rLV. l'-k ot fc’o

A —

d
-0 +20+f,=0 =2 “‘_ L"ON

o =Ton

6. Draw the freegaody diagram for a basketball player () just before
leaving the ground on a jump, and (b) while in the air. (Fig. 4-38)

o.

FIGURE 4-38
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7. Sketch the free-body diagram of a baseball (a) at the moment it is hit by that bat, and again (b) after
it has left the bat and is flying toward the outfield.

o.. b.
FA

y q
8. The two forces Fy and I shown in Fig. 4-3%a and b
(looking down) act on a 27.0-kg on a frictionless

tabletop. If F1 =10.2 N and F» 16.0 N, find the net

force on the object and its acceleration for each
situation, (a) and (b).

¥0
A ‘z.¥-‘ -lC.&ﬂ&*ltbrlf‘ =13ieas
(a) (b)
FIGURE 4-39

- b e k E!'l’- tu =
Fl_‘ih,«k‘*ﬁ ] =

b 2¥ - agrba 4 (au—b’ N2
»%%I\ % 4 lOC“\\AQ »ﬂl.OII‘J @3(9-35('

5§ >mo? [4.0ol = Fo > {9 N DA YQ

Lesson 4: Concept Questions — Common Forces
1. If the acceleration of a body is zero, are no force acting on it? r J

oF necesserly, No 2t is,
2. Why is the stopping distance of a truck much shorter than for a train going the same speed?
The drain hos more moss So i1 reguires mere force. fo
3. Can a coefficient of ﬁ'lCthIl exceed 1.07 7
p,-' /M %, and ‘C éﬁm

4. A heavy crate rests on the bed of a flatbed truck. When the truck accelerates, the crate remains
where it is on the truck, so it too, accelerates. What force causes the crate to accelerate?

,T\\‘E ‘c‘f '.(_+i LaY gl '-\ ‘E\({e_

5. You can hold a heavy box against a rough wall and prevent it from slipping down by pressing only
horizontally. How can the application of a horizontal force keep an object from moving vertically?

p('e 55.:\(6/ o (1\(\‘5“’ -}}e wO“ ;n( rensés ;: ﬂﬂtﬂ “‘H“{ e_ﬁo,_g
InCreanses ’F{ Since 'j:.‘g . /l,f\ g..w

accelercte ¢+,

D=R 2N

0. & 6}(\30
F, 5$N
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Lesson 5:  Friction- A closer look

Friction (static vs kinetic)

Recall: | Fy =uFy

What happens when the frictional force is bigger than the applied
force?

m =6 kg
pull =35N x Hstatic = Hkinetic™ =0.7
@ P

1. Draw a free-body dlagram for the block above.

wﬁ\l
= =39 'ﬂﬂf ¥n”
7 Aﬁ i|‘” ,
‘ T )55 9n

2. Use Newton’s 2™ law SZF ma ) to calculate the acceleration.
‘iF - gé’wl‘- ;rg " F’\f\\('\- f——
35-UL1e~ bon = |0 103" 2|
— % O den
N el e |

. <
. . . < ';‘.'-,\’\\ - . }(D'
3. What is the frictional force? s € e ,\\\_}(‘L‘(\
P ‘\g(,"l." ’ A
= P ‘ [ : | | o N v x | ‘w‘.a_{b
| R5N .| Frichon Con never TGS
Lo ,! 'ﬂ',“ Je

.\Qr.’. 1\,(-‘; r’”cj-{:(“ “H(.m “‘\’hf!m
{

L"’U‘D 5:1}'(’.{& g@ (EL
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Friction and the Normal Force

A woman pulls a loaded sled of mass, m = 75kg, along a horizontal surface at a
constant velocity. The coefficient of kinetic friction, L, between the runners and the
snow is 0.10 and ¢ = 42°.

a) What is the tension in the rope?

Since. Sled is mov.ér? o Constant @I

ZF, ad ZE, both must e 2ero,

= ‘r—T cosHa -Jr'F L 2{, =E ¥T5if\"la "J'; =0

w‘ﬁa“:m‘d't?sw\!' f vsHa- I}Ag Jr =k~ F, s.nL{&
Feosta~pa(Fy - F 5043) <0

E CC.-ﬁ;Lia - o'(f'i’%{)\ + 5' FT qug\ = D
F, (costa e odsind) = 13.5
TF |Or3r3l\\\
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Inclined Plane Problems

Problem Solving

L

oo

Always put the x-y axis so that the y-axis is perpendicular the plane and
the x-axis is parallel to the plane (in other words ROTATE THE
COORDINATE SYSTEM!)

. Make sure the weight force (Fy = mg) is straight down

Identify all other forces, draw vectors on the rotated x-y axis
Use ZFx=max and XF, = ma, to solve the problems
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Example Problem — Incline plane

The skier has just begun descending the 30° slope. Assuming the coefficient
of kinetic friction is 0.01, calculate

a) the acceleration of the skier.

b) The speed of the skier after 6.0 s.

2
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Lesson 5 Problems: Friction — A Closer
Look
Problems

1. A person pushes a 14.5-kg lawn mower at constant speed
with a force of 88.0 N directed along the handle, which is at
an angle of 45.0° to the horizontal (Fig. 4-40). (a) Draw the
free-body diagram showing all forces acting on the mower.
Calculate (b) the horizontal retarding force on the mower, kRS
then (c) the normal force exerted vertically upward on the mower by the ground, and (d) the force
the person must exert on the lawn mower to accelerate it from rest to 1.5 m/s in 2.5 seconds
(assuming the same retarding force).

> ~ _ iy
i = ST 2™ & i Aenetn nd A

A Trd = Ay | J oML AT Aan \

|

\

./‘

2. If the coefficient of kinetic friction between a 35-kg crate and the floor is 0.30, what horizontal
force is required to move the crate at a steady speed across the floor? What horizontal force is

required if [lk is zero?
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3. A force of 40.0 N is required to start a 5.0-kg box moving across a horizontal concrete floor. (a).
What is the coefficient of static friction between the box and the floor? (b) If the 40.0-N force
continues, the box accelerates at 0.70 m/s?, What is the coefficient of kinetic friction?

Lo b e The. HON must b

< r“ i | el TO “ ToCT It TN

forces acting on the box. (b) How would the diagram change if the box were sliding down the
plane? (¢) How would it change if the box were sliding up the plane after an initial shove?
. 3

b; YG mog\(ﬁ be S(‘n&“&f SInCe. 'H\{fé

mou\A be an occelecahon.

G i mm\d\ be. In ‘h«e (’ﬁ)asﬂ"@, dire,c:l"{(}n

Since. feichon mludauri‘; gpposes nohon,

5. A 2.0-kg silverware drawer does not slide readily. The owner gradually pulls with more and more
force. When the applied force reaches 8.0 N, the drawer suddenly opens, throwing all the utensils
to the floor. Find the coefficient of static friction between the drawer and the cabinet.
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6. A box is given a push so that it slides across the floor. How far will it go, given that the coefficient
of kinetic friction is 0.20 and the push imparts an initial speed of 4.0 m/s?

s gquen & puSh but Then shps pushing and {rickion i

/ i | .
{

\ - [‘- - i "2 D
- VYA ‘I’x- (\- Wi 5 | o/ | P | B A B
/]‘.K Ui (;) "ol ) \‘L '-H /7 \g \J 4 W aC O K

- R N Thea
. L~ L = ¥ f w ? bx :L'.r\(g:*r\\ .
" a3 Bt | q.-.,‘___:‘______,___,__l
AR ) }F. r ¥
a A0 = 1X e
Ta Yn e\ =0 =

<\ 1.8)

7. (ID) Two crates, of mass 75 kg and 110 kg, are in
contact and at rest on a horizontal surface (Fig. 4-
47). A 730-N force is exerted on the 75-kg crate. If
the coefficient of kinetic friction is 0.15, calculate
(a) the acceleration on the system, and (b) the force
that each crate exerts on the other.
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8. A wet bar of soap (mass = 150 grams) slides|without friction down a ramp 2.0m long inclined at
7.3°. How long does it take to reach the bottom? Neglect friction. How would this change if the

soap’s 73 were 250 grams?

cafl

9. The block shown in Fig. 4-48 lies on a smooth plane tilted at an

angle 60 = 22.0° to the horizontal. (a) Determine the acceleration
of the block as it slides down the plane. (b) If the block starts
from rest 9.10m up the plane from its base, what will be the
block’s speed when it reaches the bottom of the incline? Ignore

friction.
FIGURE 4-48
A
A4 W
g n
™~ 1;‘-' ¥ i
S “ ‘;J E
P "
x | \
N ~
f;’ ™~



28

10. A block is given an initial speed of 3.0 m/s up the 22.0° plane shown in Fig. 4-48. (a) How far up

the plane will it go? Ignore friction. (b) How much time elapses before it returns to its starting y i
point? Ignore friction. (c) Repeat part (a) but assume a coefficient of friction of 0.08.  ~ * onee AT 4=
. = rtAd ©
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11. An 18.0-kg box is released on a 37.0° incline and accelerates down the incline at 0.270 m/s®. Find
the frictionyforce impeding its motion. How large is the coefficient of friction?
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A Little Extra Challenge

. Figaro the cat (5.0 kg) is hanging on the tablecloth, pulling

Cleo’s fishbowl (11 kg) toward that edge of the table (Fig. 4-
50). The coefficient of kinetic friction between the tablecloth
(ignore its mass) under the fishbowl and the table is 0.44. (a)

What is the acceleration of

Figaro and the fishbowl? (b) If the

fishbowl is 0.90 m from the edge of the table, how much time
does it take for Figaro to pull Cleo off the table?
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face of a sphere, Fig. 4-51. If the coefficient of static friction is p s

= 0.60, at what angle ¢ would the mass start sliding? [Hint: compare to Fig. 4-48; how are 6 and ¢

related?

FIGURE 4-51
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‘3. Police lieutenants, examining the scene of an accident involving two cars, measure the skid marks
of one of the cars, which nearly came to a stop before colliding, to be 80 m long. The coefficient of
kinetic friction between rubber and the pavement is about 0.80. Estimate the initial speed of that
car assuming a level road.

Concept Questions P ]
1. Can a coefficient of friction exceed 1.07 . '

ANa

2. A block is given a push so that it slides up a ramp. After the block reaches its highest point, it slides
back down. Why is the magnitude of its acceleration less on the descent than on the ascent?
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3. A heavy crate rests on the bed of a flatbed truck. When the truck accelerates, the crate remains
where it is on the truck, so it too, accelerates. What force causes the crate to accelerate?

4. You can hold a heavy box against a rough wall and prevent it from slipping down by pressing only
horizontally. How can the application of a horizontal force keep an object from moving vertically?
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Lesson 6: Force applications

Atwood Machines (Pulleys)

11111111111

ol '
— 2 kg 1
S
b | my =10 kg
»

T ( f (e '[' t f I:f_--_(;‘-f-}ﬂ.f
{# O ,"{i‘f Ot

ey y*

; tA

Assumptions
1. Massless, Frictionless Pulley

2. Massless rope that doesn’t stretch

Problem Solving
1. Coupled System Approach
And/Or

2. Individual Force Diagram for each

object

Find the tension in the rope
and the acceleration of the

system
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Lesson 6 Problems: Force Applications FIGURE 4-42

Problems

1. A window washer pulls herself upward using the bucket-pulley
apparatus show in Fig. 4-42. (a) How hard must she pull downward
to raise herself slowly at constant speed? (b) If she increases this
force by 10 percent, what will her acceleration be? The mass of
the person plus the bucket is 65 kg.

X\
W %
=
s
{

f
/ lé Fasm A e
i : 2. The two masses shown in Fig. 4-45 are each initially 1.80 m above the
] ; ground, and massless frictionless pulley is 4.8 m above the ground. What
L 1 maximum height does the lighter object reach after the system is released?
T 23kg 3% ke [Hint: First determine the acceleration of the lighter mass and then its
180 m s velocity at the moment the heavier on hits the ground. This is its “launch”
) A 1" S speed]
FIGURE 4-45
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Lesson 7: Inertial Reference Frames

Inertial Reference Frame — Any reference frame in which Newton’s Laws Hold.

At Rest (v = 0) Is an example of an inertial reference frame. The earth can be
considered to be “at rest” relative to object moving on its surface.

Constant Velocity (Av = 0) Is another example of an inertial reference frame.

If you are in a reference frame moving with zero acceleration, (constant velocity) your motion can not be detected
experimentally.

Consider the case in which S is an inertial reference frame, and S' is a reference frame
accelerating relative to S.

+y .\ '
' y‘

SI

7 7

Newton’s laws will not hold in the railroad car.
In the railroad car, a body at rest on a smooth table does not appear to remain at
rest or move with a constant velocity. It appears to accelerate with an
acceleration equal to o'.

Accelerating Frames of reference are called Non-Inertial reference frames.
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Example: Non-Inertial Reference Frame

Calculate the “apparent” weight of a 60 kg man in an elevator that is accelerating
upward with an acceleration of 2.0 m/s2.

A From the man’s non-inertial
reference frame:
O =the
acceleration ZF =0=F, +mg+F'
of the
elevator
relative to the because the Fy # - mg, the man believes
ground. there must be another force acting (F").
A From an observe in an inertial
FN reference frame:
@9/ Y F=ma=Fy+mg
the inertial observer can see that the man
(“$cde ) 1S accelerating, and therefore would
F=mg find that what the man calls F' is equal
— and opposite to the NET Force.

vF=mg/ A "fictitious force" that
the man feels.

Lesson 7 Concept Questions: _Frame of Reference
1. Identify each frame of refered4nce below as inertial or Non-inertial

a) A child revolving around a merry go round. [\
b) A reference frame attached to the earth. |- o
c¢) A driver in a car moving at a constant veloeity. | oo

d) A pilot taking off on a runway [\~ [ne T |



